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http://dx.doi.org/10.1016/j.kjms.201Abstract When indications for laparoscopy were expanded to include a variety of urologic
diseases, this increased the importance of prevention of complications, especially during
the surgeons’ learning curve period. Therefore, we evaluated the complications of urologic
laparoscopic surgery in the course of one surgeon’s experience including the learning curve
after completing his long-term fellowship program. From December 2004 to August 2010,
a total of 601 urologic laparoscopic surgical procedures were performed by a single surgeon
who had finished a 9-month fellowship program at an experienced center. The intra- and post-
operative complications of these cases were documented and graded according to the modi-
fied Clavien classification system, and then compared with the first and second 3-year
periods. Of these 601 laparoscopic procedures, 47 complications occurred in 38 patients, re-
sulting in a total complication rate of 7.8%. Conversion to open surgery occurred in four
(0.6%) patients. Clavien grades I and II accounted for minor complications and occurred in
36 (5.9%) patients, whereas grades III, IV, and V accounted for major complications, which
occurred in 11 (1.8%) patients. The annual complication rates formed a plateau in the 3rd year.
Complication rates were significantly lower in the second 3-year period compared with the first
3 years (p< 0.05). Despite the well-organized training program and transferability, surgeons
must practice caution in the early years until they become more experienced. In spite of
the presence of experienced laparoscopic surgeons, the surgical team needs time to gain
experience. These factors cause complication rates to form a plateau in terms of time and
experience.
Copyright ª 2012, Kaohsiung Medical University. Published by Elsevier Taiwan LLC. All rights
reserved.Bulvari, Kampus Akdeniz University, Tip Fak. Uroloji A.D., 07059 Antalya, Turkey.
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276 Y. Akin et al.Introduction Table 1 Number of laparoscopic cases by year.Procedures 2004 2005 2006 2007 2008 2009 2010
LRP 8 47 38 60 72 54 32
LRNx 0 10 7 13 10 7 2
LPNx 0 0 0 2 2 3 3
LSNx 1 7 8 14 10 2 2
LPyel.Pl 0 3 5 14 11 8 4
RPLND 0 0 1 2 2 1 1
LAdnx 1 7 11 10 4 4 2
LRCyx 0 0 0 3 8 2 2
LCyst 0 1 4 8 3 2 0
LPLNx 0 2 4 3 2 2 2
LSCpexy 0 0 0 2 1 1 1
LUretero 0 1 0 3 1 2 1
Others 10 12 10 1 1 1 0
LAdnxZ laparoscopic adrenalectomy; LCsytZ laparoscopic
cystectomy; LPLNxZ laparoscopic lymph node dissection;
LPNxZ laparoscopic partial nephrectomy; LPyel.Z Pl. laparo-
scopic pyeloplasty; LRCyxZ laparoscopic cystectomy;
LRNxZ laparoscopic radical nephrectomy; LRPZ laparoscopic
radical prostatectomy; LSCpexyZ laparoscopic sacrocolpo-
pexy; LSNxZ laparoscopic simple nephrectomy; LUreteroZ
laparoscopic ureterolithotomy; RPLNDZ retroperitoneal lymph
node dissection.The aim of using laparoscopy is, theoretically, to reproduce
the results of open surgery with lower morbidity, less
postoperative pain, and a shorter convalescence period.
Improved magnification and better identification of the
anatomical structures are potential benefits, and
decreased morbidity is anticipated [1]. Despite the mini-
mally invasive appearance of this surgery, many laparo-
scopic procedures are actually major surgeries with
consequent perioperative morbidity [2]. Although laparo-
scopic surgery is an evolving technique, complications still
exist as major problems [3]. Clavien presented a systematic
classification system rating complications according to the
effort required to treat them [4]. Our unique situation of
having one well-organized fellowship-trained surgeon
(more than 9 months) dominantly performing laparoscopic
surgeries has provided an opportunity to examine the
factors associated with the learning curve of this proce-
dure. Therefore, consecutive laparoscopic cases were
retrospectively evaluated, and the impact of a learning
curve on complications was analyzed.
Materials and methods
From December 2004 to August 2010, 601 urologic laparo-
scopic surgical procedures were performed in our clinic by
a single surgeon, which comprised 311 radical prostatec-
tomies, 49 radical, 44 simple, and 10 partial nephrecto-
mies, five nephroureterectomies, 45 pyeloplasties, 39
adrenalectomies, 15 radical cystoprostatectomies, seven
retroperitoneal lymph node dissections in testicular cancer,
and 76 other procedures (Table 1). Prospectively docu-
mented medical records of each procedure were retro-
spectively evaluated.
All patients were operated on by a single surgeon who
had completed a well-organized long-term fellowship
program. The level of difficulty of the laparoscopic proce-
dure is described as extremely difficult (ED), very difficult
(VD), difficult (D), fairly difficult (FD), and easy (E)
(Table 2).
All complications were graded according to the modified
Clavien classification system. The modified Clavien grading
system was described; Clavien grades I and II accounted for
minor complications, whereas grades III, IV, and V accoun-
ted for major complications [5]. Grade I was defined as any
deviation from the normal postoperative course without
the need for pharmacologic treatment or surgical, endo-
scopic, and radiologic interventions. In this grade, the
allowed therapeutic regimens are drugs as antiemetics,
antipyretics, analgesics, diuretics, electrolytes, and phys-
iotherapy. Grade I also includes wound infections opened at
the bedside. Grade II was defined as complications
requiring pharmacologic treatment with drugs other than
those allowed for Grade I complications such as blood
transfusions. Infections requiring additional antibiotics
instead of prophylactics were also classified as Grade II.
Grade III covered complications requiring surgical, endo-
scopic, or radiologic intervention; Grade IIIa was interven-
tion not under general anesthesia, whereas IIIb was
intervention under general anesthesia. Life-threateningcomplications (including central nervous system complica-
tions) requiring stay in the intensive care unit were
accepted as Grade IV. There were two subgroups under
Grade IV: IVa referred to single-organ dysfunction
(including dialysis) and IVb to multiorgan dysfunction.
Grade V complication indicated death.
Complications and all other outcomes of laparoscopic
urologic procedures were prospectively registered in
a specific database (Microsoft Excel) accessible only to
selected persons through the use of a password. The patients
who provided a written informed consent document were
assured regarding the confidentiality of their data.
We evaluated the intra- and postoperative complications
and compared our experience in the first 3 years (from
December 2004 to December 2007) and the second 3 years
(from December 2007 to August 2010) (Fig. 1).
Surgical technique
Laparoscopic radical prostatectomies (LRPs) were per-
formed transperitoneally or extraperitoneally (241 extrap-
eritoneal LRPs and 70 transperitoneal LRPs). Laparoscopic
nephrectomies (radical, simple, or nephroureterectomies),
pyeloplasties, and adrenalectomies were performed trans-
peritoneally or retroperitoneally based on the patient’s
condition and the localization of pathology. Laparoscopic
urologic procedures were performed as described [6e8].
Statistical analysis
Descriptive results were reported for all studied parame-
ters. All statistical analysis tests were performed with the
Prism Version 5.01 (GraphPad Software Inc., San Diego, CA,
USA), and graphics were designed using the same software.
Table 2 Laparoscopic procedures according to the degree of difficulty (all rates were calculated for the total number of
laparoscopic procedures and individual procedures separately; the total number of laparoscopic cases was 601).
Laparoscopic operations Technical
difficulty
Number
of cases
Complications,
n (%) (601)
Complications for individual
laparoscopic cases (%)
Intraop Postop Minor Major
Radical prostatectomy ED 311 30 (4.9%) 9.6% 7 23 25 5
Radical nephrectomy VD 49 2 (0.3%) 4% 0 2 2 0
Radical cystectomy ED 15 3 (0.4%) 20% 0 3 2 1
Partial nephrectomy ED 10 2 (0.3%) 20% 1 1 1 1
Simple nephrectomy D 44 2 (0.3%) 4.5% 1 1 1 1
Pyeloplasty D 45 1 (0.16%) 2.2% 0 1 1 0
RPLND VD 7 0 0 0 0 0 0
Adrenalectomy FD 39 2 (0.3%) 5.1% 2 0 0 2
Pelvic lymph node dissection FD 16 1 (0.16%) 6.25% 1 0 1 0
Sacrocolpopexy FD 5 0 0 0 0 0 0
Renal cyst excision E 18 0 0 0 0 0 0
Ureterolithotomy E 8 0 0 0 0 0 0
Others 34 4 (0.66%) 11.7% 0 4 3 1
DZ difficult; EZ easy; EDZ extremely difficult; FDZ fairly difficult; VDZ very difficult.
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Among the 601 laparoscopic procedures, 47 complications
occurred in 38 patients. The complications resulted in
a total complication rate of 7.8%. No mortalities were re-
ported during this period. When it was converted to open
surgery in four (0.6%) cases, 11 (1.8%) major and 36 (5.9%)
minor complications occurred.
The annual complication rates plateaued in the year
2007 (after the 3rd year) (Fig. 2). There were 10 (1.6%)
major and 31 minor (5.1%) complications (for a total of 41
complications) in the first 3 years after the urologic lapa-
roscopic surgery was performed. There was one (0.1%)
major complication and five (0.8%) minor complications in
the second 3-year period. As shown in Fig. 2, complications
encountered by the surgeon decreased significantly during
the second 3-year period (p< 0.05).
Intraoperative complications
Intraoperative complications represented 25% of all
urologic laparoscopic complications. Because of bleeding,
it was converted to open surgery during one LRP and twoFigure 1. Number of complications per year.nephrectomies. Additionally, another conversion was
attributed to the size of the mass in the kidney. As LRP was
performed, two rectal injuries occurred during posterior
dissection and were repaired by primary suturing at the end
of the surgery. In these two cases, indwelling rectal cath-
eter was not extracted before the 3rd day, and oral nutri-
tion was not given before the 5th day. No related
complications occurred during the follow-up period.
Two vascular injuries occurred when adrenalectomy was
performed: one on the left renal polar artery and the other
on the vena cava. Bleeding control and hemostasis were
performed by fenestrated forceps, endoscopic clipping of
the arterial branch, and vascular suturing of the vena cava.
This case needed blood transfusion after the operation;
moreover, this complication was classified as a major
complication. In another laparoscopic adrenalectomy,
pancreas injury was repaired by performing primer suture
immediately. In the follow-up to this case, no blood
transfusion was required, and no complications occurred
postoperatively.Figure 2. Annual surgeon’s complications plateaued in the
year 2007.
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Postoperative complications represented 1.9% of all cases.
In one case, rectovesical fistula was noted, which was
diagnosed during cystogram control. After the cystogram,
the patient consulted with the general surgeons, who
eventually opted to perform ileostomy. After 6 months,
cystogram was performed again, and there was no sign of
a fistula. Afterward, the general surgeons performed
reanastomosis. During the follow-up period, no inconti-
nence was noted and erection was sufficient with oral PDE5
inhibitors. Transient paralytic ileus occurred after five
other radical prostatectomies that resolved with nasogas-
tric drainage and parenteral resuscitation within a few
days.
Out of all patients, 36 (5.9%) (24 radical prostatec-
tomies, 5 nephrectomies, 3 radical cystectomies, 1 adre-
nalectomy, and 3 other laparoscopic procedures) required
postoperative blood transfusions with a mean value of 3 U
(range 2e6 U).
Medical complications
Medical complications were reported in 14 patients (2.3%).
Urinary infections were predominant with two cases of
pyelonephritis (after 1 pyeloplasty and 1 radical prosta-
tectomy) and seven cases of cystitis treated after urethral
Foley catheter removal. One pulmonary embolism occurred
after LRP that was treated with low molecule heparins,
whereas four cases of postoperative hyperthermia were
noted.
Discussion
In the past 20 years, urologic laparoscopic surgery has
become popular worldwide, especially in Europe [4,9e12].
Early series with more than 5 years of follow-up report no
difference in oncologic outcomes between open and lapa-
roscopic series [13,14]. As with all new surgical techniques,
an associated learning curve is necessary for attaining
proficiency. Laparoscopic complications have been re-
ported only for some series of specific procedures, and few
multi-institutional series with a large number of procedures
have been published [4,7,15e22]. However, the true inci-
dence of the complications related to laparoscopic surgery
needs to be more clearly defined.
Complications are a major problem when performing
laparoscopic procedures. Therefore, the prevention of
complications is very important especially during the
surgeons’ learning curve period.
The data presented here would help define the compli-
cation rates for laparoscopic urological procedures per-
formed by a single surgeon in an institution, after
completing a long-term clinical fellowship program pointed
out as a well-organized means of transferring this tech-
nique [23,24]. Despite the well-organized training program
and transferability of the technique, the complication rates
plateaued after 3 years for all major and minor complica-
tions of laparoscopic urologic procedures, from LRP (ED*) to
renal cyst excision (E*). Although we have a low complica-
tion rate in this series, the size of the mass or vascularinjuries in four cases were serious and required immediate
open conversion for bleeding.
In performing all these laparoscopic procedures, the
surgeon made no surgical modification in his technique,
because we believe that the best option was to use the
well-known method especially during the first few years.
This can be the reason for the decrease in complication
rates after 3 years [25].
At the beginning of this series, laparoscopic cases were
easy and elective, particularly in 2004. Consequently, we
found a low rate of complications [26]. As shown in this
study, after the surgeon gained experience, he began to
perform all laparoscopic procedures.
Even in an experienced center, Touijer et al demon-
strated that a review of intraoperative video documenta-
tions can improve surgical quality and help to decrease
complications [27]. In our series, the whole operation was
documented and then reviewed by the surgeon the next
day. This may be another factor that could account for the
decrease in complication rates after the 3rd year in our
study.
Out of all cases, LRP accounted for 51% and laparoscopic
radical nephrectomy represented 8%. It is expected that
the complication rate would be lower in frequently per-
formed procedures rather than in rarely performed ones. In
our series, however, the complication rate is higher in
frequently performed operations when compared with rare
and easy procedures. This may be related to the special
features of certain cases, as frequently performed cases
were risky and the laparoscopic procedures were compli-
cated in our series. Complication rates become lower when
more laparoscopic experience was gained. Therefore, more
complicated and risky cases should be performed in
advanced and experienced centers [27,28].
The difficulty lies in defining the endpoint of the
learning curve. In the present study, in spite of the previous
laparoscopic fellowship training, we believe that we
continue to learn with each patient even after more than
601 procedures.
To achieve lower complication rates, besides the effect
of the laparoscopic surgeon’s experience, the experience
of our surgical team, which includes the assistant surgeon,
nurse, and operating room staff, was also important. This
may be another factor why complication rates plateaued
after 3 years in our series.
Because our clinics are new in the field of laparoscopic
urology, this study is limited by the patient numbers, and
we do not have extensive follow-up data of our patients
who had undergone laparoscopic surgery.
We conclude that, to decrease the complication rates,
a long-term clinical fellowship program is needed before
laparoscopic procedures are undertaken. Surgeons must
practice caution during the early years until they gain more
experience. We believe that there is no endpoint of the
learning curve. Moreover, for more qualified laparoscopic
procedures, an experienced surgical team is required.References
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